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INTRODUGTION

One segment of the Centrel Valley Project, under consgtruc-
tion by the Buresu of Reclsmation in Californis, involves e diversion
of approximetely 4,600 second-feet of water from the Secramento-San
Joaquin Delta, near Tracy, Califernie. This large diverzion of water
presents a host of extremely difficult problems related to fish pro-
tection,

The figh populations of the Delta have been the subject of
investigation for a considerable periocd of times by various individuale
end agenoies, particularly the Californis Fish and Game Department and
% U, 8. Fish and Wiidlife Service. From 1946 to 1949 the Service,
with the cooperation of the Bureau of Reclamation, carried on studies
in the Delta with partioular. reference to the then proposed divers'i.‘on..
and & report on these studies was issued in December 1950. 2./

In Januwery 1951, additionael studies were inaugurated by
Service persommel with the cooperation of the Buresu. These personnel
were to study the effectiveness of certein fish screensend appurten-
ances in a pilot fish-gcreen structure located in the vicinity of the
pumping plant, to earry on such investigeations-as might be pertinent

to ‘the problem of fish protection, and te advise, assist and consult

}/ Sacramento=8an Joaquin Delte Fighery Resources: Effect of Tracy
Punping Plant and Delta Cross Chamnel, by BErkkila, Moffett, Cope,
8mith end Nielson. BSpecial Scientific Report: Fisheries No. 56,
U. 8. Figh and Wildlife Service, Washington, December 1950.



with Bureau persommel jin the design of the permanenf fish protec-
tion fecilities.

Conourrently with the inception of these additional
studies a committee or group, lkmown as the Tracy Advisory Council,
wag formed te meet periodically end to review the progress on the
studies, to interpret and analyze the date assembleﬁ, and to deter-
mine the direction of the investigetions.

At the inception of these studiss, although no definite
deadlines were established, it~waﬂ»anticipatsd'ﬁhat'deeision on
the design of +the permaneﬁt structure would be crystalized within
one or at the most two years, and that construetion would follow
shortly thereafter,

By the winter and spring of 1962-53, no definite plans
hed been formulated in regard to the design of the final struoture.
Therefore, the Fish and Wildlife Bervice after comsultation with
other interested parties detailed an appraisal deam to Tracy in |
April 1953, to review the accomplighmentg to date-and %o recommend
fﬁture notion. This Yeam, the authors of this report, consigted
of Joseph T. Barnpby, Regional Staeff Biologist, Scott H. Bair,
Hydraulioc Engineer, and Gerald B. Collins, Fighery Reséarch Biologist
all of the Fish end Wildlife Service. ' |

During the course of review and appraisal of the projecst,
the figh-protection facilities and the related studies, the authors_
have been assisted by Daniel W. Bates and George 0. Black of the
Fish end Wildlife Service, B. R. Bellport and Russell Vingonhaler

of the Bureau of Reclamation, Donald H. Fry of the California Fish



and Geme Department and by William Cheney of the Pacific Gas eand
Electric Company. The reports by Brkkils et al ,f_?'/' by Galhoun :_5/ ’
and by Bates and agsoclates g/ s ‘have b-een‘“*parti"qularly helpful and
in the preparstion of this repord the information from those reports
heg been used extensively, usuelly without specific ecredit.

| To ull thoase mentioned and to the many others who have

cooperated with us, we wish %o express our -appreciation and thanks.

Ibid

Distribution of Striped Bass Fry in the Seaoramemto-San Joaguin
River System in 1951 in relation to-weter diversions, by As Jo.
Oelhoun, Celifornis Department of Figh and Geme (In press)

@

4/ Btudies of the Delta-Mendobs Canel Fish Protective Facilities,
. 1951-1952, by Daniel W. Bates end Associates. (In memsoript)



DESCRIPTION OF PROJECT

The Sacramento River flowing soutiward end the San Joagquin
River flowing northward join in e common-bterminus kmown-es the
Sacramento-San Joaguin Delta (See Figure 1), which is o meze of 500
miles of canale forming the uppermost extension of San Francisco
Bay.' In the Delte, the waters of the Sacramento and San Jeaguin
Rivers are thoroughly mixed with tidel influenve eomtributbting greatly
%o the mixing action. B8alinity in the Delta waries wifqhin seasons
end from season to season, however, in the majer part of the Delia
the water is fresh or only sligh‘bly brackish.

The‘ inbake worke of the Delba=Mendobte Camsl, known as
the Tracy Pumping Plant, ere located some 6 miles from the CGity of
Tracy. A diversion canel takes off from e slough-on one of the
channelg in the Delta known as é)ld River and exbends for 2.3 miles
to the pumping plant. A% the puﬁping plant are located six lerge
pumps, each with e cepacity of from-about-680 to 830 second feet,
which pump weter to the mein cenal = vertical distance of some 197
feet. The capaeity of the pumps veries with wariations in head
and with the number of pumps in operation, the totel capacity of
ell six pumps being SemdnsTrmemst epproximately 4,600 second-feet.

Flow in the inteke canal veries nob only with the number
of pumps in operation bult elgo eas & result of tidal wetion. The
length of the intake canel from Old River to +the pumping plant is

epproximately 2.5 miles and the width of the canal at its mean
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water surface is sbout 200 feet, The tidal range varies conaider=
ably with .en average range of about 3 feet and e normel maximum
renge from the low water to the high water of = -giwén tidal oyole
of about 3.6 feet. Thus, during & period froft low water to high
water, & normal meximwm of nearly 9;000,000 eublc feet of water
enters the intake canal during approximetely six hours as a result
of tidal influence, This emounts to en average inflow of over

400 second=feet during such periods.. |

Adding the total diversion inflew %o the inflow due o
tidal action gives & total inflow (during periods of flood tide)
in excess of 5,000 sscond-feet. Oonsidering the ‘possibility that
the pumps mey deliver in excess of their reted capacity and that
there may be an above-~normal maximum inflow from tidel action, it
would appear thet a figure of 5,200 gecond-feet should be used
when considering fish~gcieen requirements, based on the assumption
that the locetion of the fish soreens is o be near the river end
of the inteke cansl.

The diversion of water at the Tracy Pumping Plant will
have a pronounced effect on tLe flow pettern in the cvanales of the
Secramento-San Joaquin Delte. In general the flow from the Delta
t0 the ocean will be reduced, and there will be e drift or flow of
water from the northern side of the Delte to the southern side (%o
the intake of the Tracy Pumping Plant)., This flow will veary con~
gsiderably in volume and direction from time to time during the year,
‘and to some extent from year to year depending "primarily on such
factors as magnitude of flowe in San Joaquin and Seoramento Rivers,

and smount of water divsrted.



The Bursau of Reclemation made & study of the everage flow
petterns in the Delte Lo be expected under varying conditions of
river flows énd irrigation demsnds. Figures 2 and 3 have been pre-
pered from date and grids of flow conditionBHresulting.from this study.

In Figure 2 is presented the #sverage sonditiom that would
probably exist in April., Under this -averdge condition, it is assumed
that the diversion at Tracy would be sbout 70 percent of capacity,
or 3,200 second-feet, which together with diversion of 200 gecond-
feet for the Contra Coste Cenal and 1,000 second-feet foir private
diversions in the Delte ares, cogxprise a-total diversion of 4,400
second-feet of the to%al--&ss-umed' flow of 5,000 second-feet contri-
buted by the San Joaguin River. A& will be noted in Figure 2, only
600 second-feet of the 5,000 second-feet in the Ssm Joaquin River
ebove the Delta is contributed to the total flew of 10,000 second~
feet in the San Joaquin River at intioch, +the balence of 9,400 second-
feet coming fr°m $?f(fffﬁf:fei#aﬁeﬁﬁnns%s° Thus, under these assumed
eonditions, 88 percent of thei San Joaquin River £Iipw would be diverted
from the Delts, of which 84 percent is feken by the Tréacy Pumping Plant.

‘Le'ter in the season as the demand for ir‘z‘-‘i-ga“cioﬁ?i;iﬂié flow’
of the Sen J oaquin River decreases, the flow from- ‘tha‘*n-o‘r*thérn to the
southerh side of the Delta becomes more promounced. @As shown in
Figure 3, during the months of July and #ugust total ‘diversion from
the Delta area smounts to soms 7,300 second-feet. Of this amount,
6,400 seoond-feet 15 contributed by flow from the Saoramento River
and the balance of 900 gecond-feet is obtained by utiliking'thé entire

flow of the San Joaquin River. Total average flow of the Sacremento
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River during the months of July and August is soms' 12,400 gecond=-
feet. Thus, during this period, diversion within the Delta acocounts
not only for the entire flow (900 second-feet) of the Sen Joaquin
Rivér but 52 percent (6,400 second-feet) of the entire flow of the
Sacremento River. 8Such a flow pattérn in the Delte obviously would
have a merked affect on the fish life of the area.

Flow conditions as shown in Fipures 2 end 3 are assumed
everage conditions. While it ig true that in ebout one-half the
years flowz in the San Joaquin and also- the Saeremento Rivers would
exceed these averages and henoe result-in & lesger effect on fish
life, it ie likewise true that in about one-helf the yesrs flows in
the San Joaqiuin River would be belew these evereges @nd -hence fesu}t
in & much greater effect on fish lifs. In this connection, it is not
unusual for the flow of the San Joaguin River et its conflusnce with
the Delta to be zero during the late summer momths and consequently
all watet diverted from the Delta must be obtained from Sacramento

River flow.



FISH POPULATIONS AFFECTED

The Delta ie extremely rich in fish feune, both as 'l‘:o‘
gpecies and numbers. Some 25 species tre Imown to he present, of
which over half have been taken at the emtrames to "'bhe inteke oanal
of the Ti‘acy Fumping Plant, The four species of primary importance
are the king salmon, the striped bass, the shad, and, +he qatfig'h.

King selmon utilize the Delte chemnels as m:igra:bion routes
from the spawning and rearing areas in the tribu‘barig,as of the Del‘ba
to the ocean, and again as adults on their retumm from the oosan o
the spawning areas. In thig study we are not concernsd with the
adult £ish, although the effect of the introduction of Sacramento
River water inmto the San Joaquin watershed should ngt be overlooked
in subsequent studies of the migretion pattern and "@.is‘tribu‘hion of
edult salmon. |

The salmon fingerlings migrating to the occean from both
the Sacramento eand Sen Joaquin Rivers will very definitely be
affected by the diversgion of water at Tracy §/. Little is known eg
%o the exact means by which a salmﬁn Pingerling finde 1ts wey from
its rearing area to the ocean. These figh are making the journey for
the first time in their life. That the migretion is not merely a
paggive drifting with the ocurremts is guite '-a:ppa:ren'l:i in those in-

4

sbences whers salmon must pass through one or more large lakee on

_/ The term "Traoy", as used in this report, refers to the general
area in which is located the Traocy Pumping Plant, the inteke
cendl and the pilot screen structure.



their geawerd journey. . Yet et leest in moving water, the currents
mist play a vital role=--they must serve as guide lines %o the fish
on their migration:— If the flow of water terminates ms it normally
does in the ocean, or inlet thereof, the fish reach the .ocean..

But on the other hand if the flow is diverted into & diversion canal
the young salmon, veolunterily or otherwise, proseed or endeavor:

to procesed down the diversion. Thus we take ms & basic premise--
that as the water flows, mo go the salmoen fingerlings, unless they
are diverted by means of fish protection facilities.

It is pertinent to review the time of appearance of finger-
ling salmon in the Delte and their size rangs, ‘Fromrextensiv; sempling
carried on during 1947{ 1948, and 1949, it appesrs that the mejority
of the Bacrsmento River fish migrate seaward during ¥February, Merch
and April with the peak of the migration teking plece during.‘ Marche
It appears that the majority of the San Joagquin fishmigrate seawsrd
during April, Mey and Juns, with the -peak of the migration teking
place in May. Seaward migrents from both watersheds“may”be-preﬂant

"in the Delta in some years hokh before and after the periods indicated,
depending on seasomal varistions.. Thus it would appear that protec-
tion must be afforded salmon finpgerlings at Tracy from the begimning
of the irrigation season in January or Februery until the end of June;
It further—appears frem the extensive literature -on-the subject that
the velue of the Secramento-San Joaguin salmon runs is such as to mgke
unnecessary e detailsd justifieation for their protection. However,
it is pertinent-to note thet the average-snnuel commerciel ca's:oh of

salmon ettributable to Central Valley streams ig about 5,600,000 pounds



and in addition these fish support & sport fishery, both in the
Delte and the ocesn, of considerable megnitude.

The gize renge of Sacramento seaward migrants is from
l.4 inches to 3.5 inches,‘ and that of the San Joaguin seaward
migrants from sboub 2.7 te 3.3 incheg. Thus it-would eppear that
any method of screening that would reagonably proteet fingerlings
with e minimum length of about 1.5 inches would be satisfac‘bor‘y'
for these fish,

Striped bass use the Delta no¥ only as a migration route,

but also as & spawning and rearing areas. Spewning tekes place
during April, Mey snd Jume with the peak occcuring during the last
week of April to the middle of May., Time of spawning is influenced
by water temperature and veries from year to year. The eggs, which
are about 1/25 of en inch in diemeter when spawned, hetch out in
about two deys and the fish make rapid growth, resching a length
of about 1% inches by the latter helf of July. The adults utilize
virtually all the Delta ap & spewning area, however, the iower
areas are apparently more ‘hes_wily populeted then -the upper areas.
By the middle of September nearly all the young 's‘tripéd bass have
left the Delte. It would thus appear that young striped bags are
vulnerable to the effects of the diversion at Trecy from about
April until the middle of September. Oslhoun hes estimated that
only 10 to 15 percent of the young striped bass are present in the
upper delta area the waters of which would be affected in whole or

in part by the diversion at Tracy.
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The striped bass fishery is exclusively a sport fighery,
but is one of major importance. It has been estimeted by the
California Fish and Gams Department that from &5 4o 63 million
pounds of these fish are tak;n-annually by meerly & quarter of a
million fishermen. |

At the present time mo satisfactory means are available
for the protection of striped bass egge or lervee.  However, it
normelly is possible to successfully protect fish with & minimm
size of ebout 1 to.lk inches. . Thus the: immediate problem of devis-
ing fish-protective devices for this species iz narrowsed te the
period from sbout the end of June to the end of August or middle
of Beptember and %o fish with & minimum size from 1 %o l% inches

- in length.

Shad are also en important species in the Delta produc~
ing a teke of some 600,000 pounds annuelly. These fish, like
striped bass, use the area not only as & migretion route but alaso
a5 & spawning and rearing erea, Spewning takes plece in the spring

of the year. The young fish grow repidly having an average length
of ahout 0.8 inch by the ehd of Junme, about 1.5\inches by the
latter part of July, sbout 1.8 inches by the middle ©f August end
sbout 2.2 inches by the end of August. Larvel end juvenile shad
are present in the Delte from about the middle of July until at
least November, however, it appears that the bulk of the fish heave
left the area by the end of September.

Catfish are important both commercielly and in the sport

fishery. 1In 1951 the area produced approximately 240,000 pounds to

11



the commerciel fishery and over 2,000,000 figh to the sport fishery.
Thage figh being fresh-water fish, spend their entire 1life in the
Delts and fish of virtuelly all sizes esre subject to +the influence
of the diversion of water.

A pumber of other species of fish would elso be affected
by the diversion pf water -at Tracy, however, while collectively
they are of gome importence their individual importence is over=-
shadowed by the speaieﬂ discussed.

In swnmation, the diversion of water et Tracy would affect
populations of figh of considerable commerciel-and recreational
value. King salmon, striped bass, shad, and catfish are the most
importent of over twenty species of fish that would be affected.
Juvenile figh are present in the Delia. the.year round with the
period of‘greatest abunéance from Febru&ry-tO‘September inclusive,
All sizes-éf juvenile gtriped base, ghad and gﬁtfish, down to end
including eggs, would be affected by the diversion of water at
Tracy, therefore, the fish proteotive devioes should he designed to

protect the smallest size cflfiéh possible.

12



SCREENING AND BYPASS PROBLEM

Prom the very inception of definite planning for the diver-
gsion of water at Tracy i% wes realized thet some facilities would
have to be provided for screening fish from the water %o be diverted,
and for bypassing these fish (either by flume, comduit, barge, or
tank truck) to a point sufficiently distent downstreem fram the
diversiona.

After soms preliminery consideration of the screening
problem, it wes tentetively decided thet the fimml structure would
entail gome form of‘ mechenical gcreen, Personnel of the Burean of
Reclamation then decided to test two such Types of screens, vize,
belt screens and perforated-plate screens, in & pilot structure.
Waork on this structurs (See Pigures 4 and 5) was started by the
contractor September 15, 1950 and completed October 3, 195l.

The pilet structure is of timber construction, separated
by planked division walls into 12 water passages or bays in which
gre inmstelled a combination of mschanically-opersted and stationary
screens, including one stationary scorsen with a mechemical cleaning.
device. The structure is loocated some 500 feet downstresm from the
inteke of the pilot chennel, az measured along the centerline of
the chammel, and is sc oriented that the sxis of the structure is
at an angle of B3 degrees in & clockwise direction from a line
drewn at right sngles to the chamnel centerline. Beginﬁing at the
end of the structure nearest the chanmel intake, the screen installa-

tioms consist of a series of § vertical stationary screens, 2 beli-type

13
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Figure 5. Pilot soreen structure, as observed from upstream side.



mechanioal sereens, end an inclined stationery socreen with mechanioal
cleaning device. Total length of the structure at deck levegl, inelud~
ing the timber bulkheads st each side of the section of sorsened
openings, is approximately 265 feet and the overall height of the
structure from bottom of the channel to deck level is 25 feet 8 inches.
The ineclined staticnary screen, located in the furthermost
downstream soreen bay, consists of 6 interlocking soreen panels each
5 feet in height and 11 feet 7 inches in width, so-as to provide a
single screen penel measuring 30 fest—along the glops when installed.
The screen panels are covered with l6-geuge steel plate-with punched
holes 0,156-inch diameter spaced on 0.218= inch centers in an equi-
lateral-triengle pattern, The mechaniceil cleaming device congists

-

a Lt
ofisteel wiper bladeﬁ‘att&ched‘ to e ched® at-each -eide of the screen

e le—BA L

L

penel, with the bladeg traveling upwarqqover-théjfacé of the pansl.
Guides are provided to permit placemsﬁt-ef the easssmbled screen panel
at either an esngle of 45 degreess or 32 degrees with respect to the
floor of the structure. )
The Z belt-type mecharical screens, loeated in the bays
asdjacent to the perforated-plate scereen, are of Link-Belt Compeany
manufacture and are composed of screen trays each 10 feet in width
end 2 feet in height covered with lﬁ‘gauge 4%“mamh~per inch wire
cloth, gelvanized after weaving. Wire cloth of these #pecifications
afford a clear opening between individual wires of 0.159 inch before
galvanizing. Bpray norzles, operating under a pressure of 90 to 100
pounds per square inch, are provided for clesaning the escreen trays

as they approech the upper limit of their vertical movement, The

14



Jjets algo serve to wash small fish from the ledge-at-the bottom of
the trays into the wash ﬁater flume. '

Subseguent to the original instelletion, one of the Link-
Belt screens was modified by the addition of a fish-cocllecting oup
on the ledge of each basket and provision of a gecond set of spray
Jjets expressly for the purpose of flushing smell fish from the col-
lecting cups (See figure 6). The latter change necegsitated the
addition of 2 soreen trays, since the head shaft required raising
to provide space above deck levél for e second pet of spray jets.

The 9 remaining screen bays asre provided-with stationary
vertical soreens, each congisting of 4 interlocking scoreen panels
gsome b feet 6 inches in height and epproximately 11 faet‘in width.
The panels mre covered with 19 geuge 5 mesh per inch wire ocloth
gelvenized after weaving, with a clear‘OPaning-between individual _
wires of 0.159 inch before galvanizing. As originally constructed,
the screen panels had to be uncoupled et deck 1§vel for cleaning.
‘Hoisting facilities es provided would not permit'raisinglof the
assembled screen panel to its full height. Furthermore, washing
of the soreens had.to be accomplighed by use of & hoge. This set-
up was later changed by modifying the -gentry orpne +o permit £aia-
ing of the fully-asgembled screen panel to the-yperating deck, and
a series of jets was provided on the downstreaﬁ side of each screen
panel to afford a better means of ocleaning the verticael screen pensls.
| As & meems of preventing acoumuletions of larger trash from
reaching the screens, a trash rack with & clear space betwesen bars

of 2 inches is provided across the front of the structure. Originally,

16
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the tragh racks were installed such that the bottom of the rack
‘gectiong was gome 12 feet in elevation abhove the bottom of +the
canal, but, due to the difficulties encountered with submerged
waterlogged snegs, the trash racks were extemded to the botitom
of the channel.

Incorporated into the structure is a seriers of nine fish=
collector pipes or risers placed along the face of the screens at
screen bays 1 to 8, inclusive., There is & sollsctor pipe‘placed

Lat both gides of the sloping perforated-plate screeng one collector
pipe is located between one of the two Link-Belt screens and the
sloping perforated-plete screeﬁ, immediately in fromt of the seal
plates at the ends of the screen trays; one collector pipe is lo=-
cated between the two Link-Belt screens; one collector pipe is lo-
cated between one of the Link-Belt screens end one of +the vertical
gereens, egsentially flush with the face of the vertical soreen;

. and the remainder of the collector pipesjare located between the

vertical soresens. The collector pipes at the inclined perforated-
plate soreen are 8 inéhea in diemeter end are provided with 12 fish
ports each measuring Zé-inches by 6 inches and placed 2 feet & inches
on centers. The other seven collector pipes are of variable cross-
section, with 13 fish ports each 2 inches by € inchee provided at

1 foot 6 inchee on centers along the pipes. The fish ports of the
peven vertical collector pipes amre provided with slide covers for
adjustment of the size of orifioce.

Eech of the nine collector pipes is eonnected_to & B-inoh

bladeless impeller-type centrifugal pump, except for the sloping

16



collector pipe along the right side of the perforated-plate scereen
end the vertical collector pipe between the perforated-plate and
Link-Belt screens, which pipes are connected to a single pump., The
individual pumps have & discharpge eepacity of 680 gallons per ﬁinute
at a 18 foot head. The pump discharge lines are connected to &
manifoeld pipe for conveyance of fish-bypess flow to a holding pond.
In January 1981, at which time the pilot screen structure
wag under censtruction, personnel of the Fish and Wildlife Service
were assigned to the project to evaluete the effectiveness of the
scréens under test, to assist in the design of the permanent fish
protection facilities, and to carry on such corrgllary studies as
might be deemed necessary. Obgervations during 1951 and 1952 re-
sulted in the following conclusions: (1) A mejor debris problem
prevails in connection with the provision of fish ecreening at the
Tracy pumping plent; (2) The perforated-plate screen es instelled
in the pilot screen structure was unsabtisfactory and itz use in the
prototype was not recommended; (3) Stationary vertical screens were
unsatisfactory and their use in the prototype was not recommended;
(4) Belt screens used in & manner uguelly referred to as "high velo-

city™ screening g/'were reasonably satisfactory, except that striped

Q/ In normal or typicel fish-screen operation; the screen stops the
downstresm passage of figh, without the fish ever coming into contact
with the screen, and the fish find a bypass leading back teo the river.
In this procedure, %the velocity of approach to the screen must be less
than the swimming ability of the fish., In "high~velocity" screening,
the velocity of approach is purposely designed to be greater than the
gwimming speed of the fish so es %0 insure impingement of the fish
mgainst the screen. The fisgh are then brought to the surface by the
moving screen and washed off the screem into a bypass.

17



bass subsequently went into & condition referred to as ™shock™;
(6) & major problem exists in connggﬁion with the elimination or
the oure of "ghook" in etriped bass; (6) By_passing fish by means
of ports as installed in the pilot structure was not satisfactory,
and {7) The most practical method of tremgporting fish from the
project area to a safe point of release downstream is by the use
of tank trucks.

The personnel at the project have reviewed and considered
a variety of soreening methods other then those insorporated in the
pilot structure, including sound, light;, elsctrieity, drum screens,
sloping belt screens, belt screens with apron collector and louvers.
Of the various methods considered, louvers eppearsd most worthy of
detailed investigation. Project personmel constructed = test flume
soms 5 feet wide and 25 feet long (Ses Figure-?) and ren a congider=-
able number of tests on the effscts of veloecity, louver design and
spacing, and angle between the line of louvers and the walls of the
flume, all with respect to the ection of selmon fimgerlings. It was
found thet louvers had some merit in leading fish into & bypass,
while at the seme time permitting the mejor part'of the weter to
pass through the spaces between the louvers. 4s a portion of the
fish in virtually every test did pess through the louvers (i.e. were
not bypassed), tests were elso made with louvers with a facing of
wire soreen.

It wes recognized that the test flume had certein hydraulic
deficiencies and that, althouph the tests appeared to indicate that
louvers might have some merit, additional studies should be conducted

on ‘the louver principle before any definite conclusions could be reached.
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Figure 7.

View of test flume looking downstresm. Line of louvers

extends from near right to far left of flume.



In comnection with the cure of shock in striped bass,
praliniinary_ studies have been made exmd it is planned o carry on
additiomal studiss during the 1953 season. Situdies in connectiom

with the transportation &nd hendling of fish are also under way.
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REVIEW OF PROGRESS TO DATE

A review of the work of the persomnel assigned to the

study of the fish=protection facilities at the Tracy Pumping Plant

reveals that during the period January 1551 te¢ March 1953 the fol~

lowing studies have been carried on:

1.

2e

Be

4,

5.

6.

Te
8.
9.
10.
“11.

12,

13.
14.
15.
18.

17,

Evaluation of perforated-plate screep

Bvaluation of belt screens |

Bralustion of vertiocal screens

Evaluantion of fish-collection system et pilet structure
Vertioal stratification of fish (other then salmon) in

0ld River, and at pilot soreen structure

Population estimates and species variation at pilot

scresn structure

Swimming speed of fish

Mortality of striped bass as & result of shook

Treatment of shock in striped bass

Effect on fish passing through Tracy Pumping Plant
Relative degree of clogging of wire cloth of selected sizes
Consideration of other types of fis£ soreens, with special
sttention given to louvers

Flow pettern in Delta

Striped bass and salmon populations

Tempereture regime in Delte

Fish trensportetion problems

Debris problems
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18, Problems in cering for fish during interim period prior
to insballation of .the protobype fish protection facilities.
The.intensity of the study of the various items enumerated
above varisd with their respective importence ingofar ms the problem
at Iracy was concerned and with the time ewailable for each of the
several studies. Studies on some phases of the probleﬁr have been
completed, while others are in need of further investigation. This
latter fact is recognized by the persommel at Tracy. |
In reviewing the Tracy fish-protection problem, the authors
are impressed with the magnitude of the problem as a whole and parti-
cularly with the chenge in scope of the problem from the time when
‘che fishery persormmel were detailed to the project in sarly 1951 to
the present time. Initially, the primery detail of the orew was to
‘determine whether belt-type screens or perforated=plate screens should
be incorporated in the finel gtructure. It was soon found that the
soereening fecilities, as installed, were unsetisfectory. Thus, the
soope of the problem changed to (1) deciding which, if any, screen-
ing devices currentljr used might be satisfactory, (2) attempting to
develop new types of soreening devices, and (3) attempting to obtain
precise information on the cause and cure of shock in stripéd bass.
It iz our opinion that the biologists assigned to 'hhla
Traoy projeot have performed a oreditable job and have shown con-
siderable initistive and originality in coping with and soclving many
of the unexpected and difficult problems thé.t have developed in con-

nection with the assipnment.
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The rapid development of the Irasy Frojeot, imsofar es
water demand 1s concermed, has magnified the fish-protection praﬁlenh
particularly the phase relemted to the interim peried pending construc-
tion of the prototype fish-protection facilities. This phase of the
problem is sceentuated by the lack of immediate decision with regard
to prototype fish screen design ard of golution t;f""‘l:he problem of
shock in striped baés. These uncertainties naturally prolong the
period thet dependence will have to be placed on the temporary figh-
protection facilities. | '

4 conpiderable smount of study is needed prior to the time
when & final éeci:ion can be made as to the design of the fish pro-
tective devices in the prototype struoture. With the rapid develop-
ment of fhe project it appears thaet s meximum demend for water will
preveil within a few years, hence it is imperative that the studies
be prosecuted with all possible vigor in order that solutions will
be &t hend and final design and construction mey commence at the
earliest possible date. It must be kept inmind that it will be
approximately 2 3/4 years after final decisions -are made on funec-
tional design that the prototype structure will be reedy for opera-

tion.
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POSSIBLE SOLUTIONS TO THE PROBLEM

From a congideration of the biological and hydrological
corditions at Tracy and vicinity, it appears that some method of
satisfactorily screening and transporting fiah“aswsmall as 1 to-1%
inches in length must be devised if the fish poPulaﬁions of the
Delta are to be reasonably protected.

It further appears that if fish 1 to~l%“inches in length
are to be kept from being impinged epainat the smereen, the approach
veloeity to the screen must not exceed 0.5 feet per secomd. In the
event thet some or all of the striped bass are impinged on the soreen,
snd subsequently collected and trensporbed, it appsars that they must
be satisfactorily trested for shock. It is entirely possible, in
faot probable, that some degree of sheck will be induced in fish of
this species even without impingement, merely by passing through the
bypesses and in being transported from the point of collection to
the point of releage down river. |

While the fish-cellection system at the"pilotiﬂoreen struc-
ture wasg found inedequate, we feel that a-more suitable design sould
be developed that would be remsonsbly successful in collecting fish.
In view of this belief, we have not ruled out & system of porbs snd
risers as a means of collecting fish.

In contemplating the possible solutions to the problem, a
wide variety of screening methods including belt screens, stationary
soreeus, drum screens, louvers, electric socreens, lighte, and sound
heve been considered. However, only the types thought to have some

reasonable chance of success at Iracy are subssquently disoussed.
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Belt Screéens, with low approach velocity.

Belt screens have proved ‘themselves to be admirably de-
signed to cope with the debris situwstion which preveils at Tracy.
However, ‘the problem of bypassing the fish which have been stopped
by the secreens hag not been solved. The ~bypass"'5§stem, as incorp-
orated in the pilot screen structure, prﬁved to be-unsatisfactory
- for a variety of reasons, the three principal ones "bé:'mg small size
of ports, low velocity of flow inbo ﬁle"ports-‘aﬂd‘high approach
velocity to the screens. It is believed that if thege-and other
faults were corrected that‘ﬁhﬁ‘maﬁority“af“ﬁha“fish”ovaf a length
of approximately one inch, could be satisfactorily bypassed. Such
8 design would be based on a meximam approach velocity of abou%
0.5 feet per second.

Belt Screens, with high approeach velocity.

A method of screening not in frequent use, but one that
hes been tried with some success et Tracy is "highevelooity"™ ‘screen~
inge This method has the distinet adventage of being relatively
low in cost (in comparison to a normel belt screen -ins‘l:al).ation) be-
ceuge of the lesser number of screens needed for a given flow., In
this type of screening, it is imperetive that the veloecity of
aepproach be sufficiently high to insure that the fish will be
promptly impinged against the scoreen, and that it not be so great
as to injure the fish. It is importent that the screens be oper-
ated continuously end that the rate of travel of -the sereens be such
that the fish are not impinged on the screen for an yndue length of
time. These conditions must be determined for the sizes and species
of figh at the 1ocati0p of the proposed screen site. Data obteined
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at Trecy indicate that in the case of young striped base even a
minimum of contact with the screens brings on's cvondition referred
to as "shock" which results in the death of large numbers of fish
in & few hours. Thus & primary problem related to this type of
sereening at Tracy is the cure or treatment of shocked figh.

It has been noted that with this method of sereening it
is imperative thet the fish be promptly impinged on the =coreen.
Owing to the variations in canal flow at Tracy, du9 to tidel in-
fluence end changes in number of pumps operating. some system of
gates would have to be incorporated in the siructure so as to make
possible the ready closure or opening of the screen bays. Such
sontrol would be necegsary in order to vafy the number of open
bays.1ln accordance with flow variations.

Belt 8Screens, with veriable veloeity.

In view of the importence of providing a suitable uniform
high velooity of approach when high veloclity screening is utilized,
and the problems involved in obtaining such & condition at Tracy,
a combination of high and low~veloeity screening would seem prefer-
able, provided of course that the problems associated with each
method could be reesonably resclved. Fish-collection facilities
would consigt of both a system of ports and risers and & system
of spray jeots and fish flume so as to provide suitable bypass fa-
cilities at all times.
Louvers.

Essentially the louver soreen consists of a‘series of

vertical beffles; somewhat like a trash rack, plauced diagonally
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acoross the chammel with an opening or bypass at the downstream end
of the structure. Fish are reluetaﬁt to pass through the openings
between the louvers and hence tend to swfm~aﬁay from the line of
1ouvefs and finelly are carried into the bypass. 4 large number

of tests with louvers were mede in & test flume at Tracy end, while
5 majority of the fish were bypassed; a portion of the fish in
virtually every test were carried through or swam through the
louvers. Tests w;re made during the houre of &arkﬁess with results
comparable to these obitained during daylight hours. From these
tests it appears that fish were able to detect and o an extent
avoid the louverp in the test flume during total darkness.

If louvers are to be given further coneideration, sbudies
on the reaction of the zmall fish to the louvers should be made on
a much larger scale then cen be done in the present test flume. In
the finel structure, the line of louvers would need ‘o be hundredé
of feet in length and the reaction of the fish would need‘to be
repested many times before entering the bypass. There are two pos-
sible courses of action: {1) large scale field tests, or (2) tests
in a larger specially-designed experimentel flume. In our‘dﬁinion,
the latter method of approach would be more flexible and would pro- .
vide more definite informetion. The experimental flume suggested
should be designed by technically gqualified hydraulic engineers
femiliar with model-study investigstions and should have the follow-

ing charscteristica:
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l. Of sufficient size to eccommodate s line of louvers approxi-
metely 100 feet in length
2o Velocity of flow in the test flume upstresm from the line of
louvers as uniform ag possible. |
3. Ability to change the velosity of flow in the best flume from
about 1 foot per second to about & feeb per sécond
4. TWidth of bypass to he approximastely 6§ inches
. Ability to change retio of effective widfh of test flume to
length of line of louvers from approximately 1 Yo 3.5 to
approximately 1 to 15
8. Depth of water in test flume to be l.5 feet minmimum, prefer-
ably 2 feet
7. Louver design
8. Spacing, not to exceed 4 inches
b. Ability to ohmmge position or angle of louvers
with chenge in No. 5,

A thorough study has not been made of the hydraulic action
of the louvers. However, it appesrs thet the condition desired is
for each louver to "peel=off" as thin a slice of water as possible
elong the upstream sufface of the louver (See Figure 8). The most
effective cross-sectionel shape and poeition of the 1oﬁvers, in re=-
lation to the dirsction of flow, should be détenmined'by hydrauliec
gtudies.

Following these hydraulie tests and the design and con=-
struction of a new experimental flume, tests with salmon, striped

bags and other species should be carried on to determine the degree
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of efficiency of the louvers. 4% could then be determined if 1eu'.crera
had sufficient merit to be incorporated in 'bhe final design and
whether they could be used aloms or would require -high-velocity belt
screens in mddition thereto.

Electric Screens.

There would be- several important-advertages to the use of
‘electricity for screening. The initial cogt of installation would .
be mach less than for any cther type of soreening, there would be
no cleaning problem, meintenance would be ra-}l_,a;tivﬁl‘y gimple, mnd
the electrodes would offer wery little inbterference to the flow of
water in the cenal. -

" Laboratory experiments in elsctrieal fish guiding our-
rently being conducted by the Service in Seattle have been very
encouraging, Freliminery field experiments will probably begin
lete in +the fall of 1953 or in the spring of 1954. It is hoped
that by the summer Of. 1954 enough information will ‘oé 'sv‘ra.i.lable
to indieate whether or net a full scale field trial should be made
at Tracy.

Tish Colleotion.

With any type of bypess in a soreen structure, it is our.
‘belief *ths.-‘t; the most sa'bisfa;ctory:me'bhod would be to induce a flow
'tiarough the bypass system by gravity. This could be accomplished
by dreining the water into a collection povl bei:--sﬁ"'river level and
by pumping the water from this poel from behind & screened section.
Finel design of the Dish~-eollestion facilities must awail
a decision on the type of screening that is to be adopted and the
quantity of bypass water involved.
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Transportation.

Of the several possible methods of bransferring fish from
the protebtype screen structure to o safe point down river, which
inelude open canal, pipe line, barge, and truck, we believe that the
most flexible, most satisfactory, and possibly the least costly would
be by tank truck. The fish are béing transported by this method
at the present time, and while the equipment end procedure could
undoubtedly be improved upon; experience with the -present squipment

will lsad to more adequate desipgn.
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RECOMMENDAT IONS

‘Protobype Design.

Ls

2e

3o

Experiments should be mede to develop & system of ports
and risers that will effectively collect the speéies and
size of fish at Traocy.

Two of the most promising solutions to the problem
of scresning the Traey diversion-require the use of beltb
screens with an effective system for collecting the fish
during low veleocity flows. Fish collection ports and
risers at the sides of belt =creens heve besn succesaful
in collecting salmon fingerlings st locations other bthan
Iracy, and there is -every resson to belisve that & prop-
erly designed system of ports and risers could be suc~
cessful at Tracy.

Detailed studies should be mads on the cause and cure of

‘gshock in striped bass. The possible existence of +this

condition among other species of figh should mot be over~
looked.

411 of the soreening solutions proposed require col-
lection, holding, end trensportation of the fish. The
success of these operetions will depend on the degree %o
which injury %o the fish can be minimized. In connection
with the use of high-velocity screeminy, the study should
include & closer examination of the relutive injury with
and without collecting cups on the baskets of the belt-
type screens, the possibility of injury in the process
of flushing the fish off the soreen, the effect of dura=-
tion of impingement upon degree of injury, and the effect
of velocity of impingement upon the degree of injury for
each siye and spocies of fish a%t Trecy.

Further studies on the reaction of fish to louvers should
be made.

The present experimental flume ig not adequate for
meking 8 valid test of the practical walue of the louver

principle for fish~-screening purposes. 4 line of louvers
in the prototyps structure would need to be hundreds of
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4.

Se

6.

feet in length, It is essential, therefors, to know if the
reaction of the fish to the lourers would be conbinually
repeated when the figh ore expesed to a long section of
louvers. The minimum length of & line of louvers that should
be used in testing the louver principle ig, in our opinion,
100 feet.

The problems involwved in this method of soreening
bre both biclogiocal and hydrologisal and consequently
hydraulic engineers as well as biologists should be .
asgigned to the study. '

If the results of exploratory experiments on elsctrical f_.ish
guiding indicate e pessibility of success, tests should be
undertaken in the present pilot chammel intske of a full=
scale elsctric screen.

Experiments on the use of electricity in directing
fish movements are now in progress at Seattle. While i%
will be several years before all of these sxperiments are
completed enough information may be availeble by 1954 +o
indicete whether & large scale field trial at Tracy should
be attempited. The test proposed would soreen the entire
flow through the pilot chemnel. Such & test would provide
an adequate measure of the practical use of slectrical
screening end of the power needed to operate such sn install-
ation.

‘The problem of helding, concentrating, end transferring fish

to the tremsportation trucks should receive further study and
tentative plans should be prepared as soon as possible.
Information on this subj'ec't is being obtained at the

pregent time, however, more thought should be giwven to various
possible installetions in the final structure. Reghrdless of
the method of soreening adopted the fish will have to be held,
concentrated, and transferred 4o truck (provided of course thet
trucks are ussd for transportation).
An early decision should be resched us to the meens for trans-
porting fish from Tracy to & point or points domstream.

It would appear that tenk trucks offer the most versa-
tile and practical method of transportation. ' :
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7. Consideration should be given to the possibility of moving
the proposed site of the prototype screea structure to a
point closer to the pumping plﬁnt.l

Plﬁcemant of the ecreen sitructure in the close proxi-
mity of the pumping plent would materielly reduce the

variation in flow through the scresns due to tidal action.

Interim Period.

It has been pointed out earlisr in this report that several
years will elapse before the prototype screen structure will be com-
'ﬁleted after the finel design has been determined. Relisnce will
have to be placed, therefore, upon the pilot soreen structure for
the protection of fish life until at least'the‘spring of 1987 and
possibly much longer, In making these recommerdations we are con-
cerned primarily with the protection of fish during +this interim
period, however, we realize that some of the recommendations are
equally applicable to both the interim period and to the study of
the problems related to the design of the finel structure. The
gtudy of shock control is an example. We are also cognizant of the
initial high cost of some facilities and the advisability of keeping
to a minimm thoss facilities that would be utilized only during the
interim period.
ls Ten additional belt screens should be installed in the pilet
structure ag soon as possible to replace mll the screens
except the two belt screens now in operation.
It is understood thet two belt soreens are on order
at the present time and will be instelled within a few
months. However, even with a +totel of four belt screens,

conditions for the protection of fish Life will still be
insdequate owing to the quantity of water being diverted
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at the project. These new mereeng should be so designed
ag to provide for the washing er flushing off of the figh
from the lewer lips or cups of the screen baskets with
one set of spray Jjets into & fisgh flume and the subsequent
waghing of the debrie from the scresn Dy s sécond set of
jets into en independent flume.

At least one additional figh truck should be obtained for
uge in transporiting fish from Traecy to & point down river.
Large rumbers of fish are already being eoliected at
the Tracy pilpt screen structure, and s minimum of two
trucks should be available so that in the event of a

mechenical breakdown there will alwsys be at least one figh
truck availeble to tremsport the figh.

Congideration should be given te ‘remzporting and releasging
fish during periods of high tide or during the first part of
the ebh.

It ie congidered that the further down the river the
fish are relsesed the better their chence of survival will
be, and figh relemsed during the pericd of high tide would

effectively be released further downgtream than those re-
leased at low tide,
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